We used silver staining to demonstrate neuronal cell body, axonal, and terminal degeneration in brains from p7 rat pups recovered for 0, 1.5, 3, 6, 24, 48, 72 h, and 6 days following hypoxia-ischemia. We found that initial injury is evident in ipsilateral forebrain by 3 h following hypoxia-ischemia, while injury in ventral basal thalamus develops at 24 h. A secondary phase of injury occurs at 48 h in ipsilateral cortex, but not until 6 days in basal ganglia. Initial injury in striatum and cortex is necrosis, but in thalamus the neurodegeneration is primarily apoptosis. Degeneration also occurs in bilateral white matter tracts, and in synaptic terminal fields associated with apoptosis in regions remote from the primary injury. These results show that hypoxia-ischemia in the developing brain causes both early and delayed neurodegeneration in specific systems in which the morphology of neuronal death is determined by time, region, and potentially by patterns of neuronal connectivity.
INTRODUCTION
While acute perinatal brain injury does not account for the majority of cerebral palsy (Nelson and Grether, 1999) , the neurologic handicaps caused by perinatal anoxia due to asphyxia and lack of cerebral blood flow are severe (Lorenz et al., 1998) . The mechanisms for brain injury after hypoxia/ischemia are thought to include energy failure, free radical damage, cytokine and excitotoxicity, and caspase-dependant cell death (Barks and Silverstein, 1992; Cheng et al., 1998; Hagan et al., 1996; Liu et al., 1996; Martin et al., 1997; McDonald et al., 1988 ). Yet, the mechanisms that underlie the overall distribution and progression of neuronal injury after neonatal hypoxia-ischemia remain unclear. Understanding these mechanisms and a possible role of neuronal connections in the evolution of hypoxic-ischemic injury in the immature brain is necessary to more fully explain the modes of neurodegeneration and the subsequent cognitive, motor, sensory, and attentional disabilities that occur after perinatal brain injury (Lorenz et al., 1998) .
Necrosis is a likely cause of acute neuronal cell death in the ipsilateral cortex and basal ganglia after neonatal hypoxic-ischemic injury (Rice et al., 1981; Towfighi et al., 1995) , but the structure of cell death in remote regions has not been investigated. Demonstration that caspase inhibitors provide neuroprotection in this model (Cheng et al., 1998) , suggests that cell death can occur by both necrosis and apoptosis or by cytokine-mediated inflammatory reactions. Neuronal cell death following trophic factor withdrawal, as occurs after interruption of neuronal connectivity by axotomy and during normal nervous system development, also has characteristics of apoptosis (Eves et al., 1996; Li et al., 1998) .
